We examined the effects of neopterin on focal cerebral ischemia induced by transient (2 h) occlusion of the middle cerebral artery (MCA) in rats.
Introduction
Recently, the reduced form of neopterin, 5,6,7, 8-tetrahy droneopterin (NPH4), has been reported to show extremely efficient superoxide anion radical scavenging activity (1, 2) . Moreover, NPH4 has been shown to have ameliorating effects on various experimental diseases, such as carbon tetrachloride-induced hepatotoxicity and adriamycin-induced cardiotoxicity, in which active oxygen species play a role as potent pathogenic factors (3, 4) . In a previous study, we also showed the neuroprotective effects of NPH4 on transient forebrain ischemia in gerbils (5) . Focal cerebral ischemia in rats is also thought to give rise to production of oxygen free radicals, and the neuroprotective effects of a spin trapping agent, (Xphenyl-N-tert-butyl nitron (PBN), have been re- § Author to whom correspondence should be addressed .
ported (6, 7) . If so, NPH4 which is a more potent oxygen free radical scavenger than PBN should also have ameliorating effects on focal cerebral ischemia.
In the present study, to verifY this hypothesis, the effects of NPH4 on focal cerrbral ischemia in rats were examined using magnetic resonance imaging (MRI) and the immunohistochemical reaction for microtubule-associated protein 2 (MAP2).
Mateials and Methods

Experimental protocol
Experiments were performed on 8 male adult spontaneously hypertensive rats weighing 250-350 g and aging 16-20 weeks old. Focal cerebral ischemia was induced using a method of intraluminal vascular occlusion (8) . Briefly, a filament was into internal carotid artery until blocked the origin of the middle cerebral artery (MCA). The filament was withdrawn after 2 h to allow reperfusion. The experimental rats were divided into two groups; in one group (n=4) 3 mg/kg of NPH4 (supplied by Asahi Breweries Ltd., Tokyo, Japan) dissolved in 0.1 M phosphate-buffered saline (pH 7.4) was administered through the intraperitoneal route 10 min before reperfusion, while in the other group (n=4) the vehicle alone was administered. After one week, following studies were performed on the animals.
Magnetic resonance imaging
In each group, the images of the rat brain were obtained using a 2 .0 tesla NMR spectrometer/ imager (Bruker, Fremont, CA) with a home-built rat head coil (6-cm i.d.). The coronal brain spinecho T 2 -weighted images were obtained using a multislice spin-echo sequence for the evaluation of focal cerebral ischemia (optimized parameters: repetition time of 2,000 ms; echo time 80 ms; spatial resolution in plane 0.14 x 0 .14 mm; slice thickness 2 mm).
Immunohistochemistry
Immediately after completing the MRI study, under pentobarbital anesthesia (80 mg/ kg) the rats were perfused with a fixative, and after perfusion the brain was quickly removed and cut into coronal blocks 5-7 mm thick. The blocks were immersed for 1 or 2 days in a fixative, and they were then placed in 0 .1 M phosphate and cut into 20-l1m-thick sections in a cryostat. Coronal sections including the anterior commissura of the cerebrum were collected, and the sections were stained for MAP2 as previously described (5) .
Measurements of focal ischemic area on MR images and tissue sections
Pte ridines/ VoL 7 / No. 4 MRI processing and analysis were performed on an image analyzing system . In each rat, the MR image along with their corresponding sections stained for MAP2 was selected to quantifY the lesion. The lesion was determined using a binarizing function . The degree of infarction was expressed as a percentage of the ipsilateral traumatized hemisphere.
The immunohistochemical sections stained for MAP2· were used for evaluating the extent of neuronal damage . Hewever, since a large part of the necrotic tissue was already lost during the preparation, the ratio of the intact area of the ipsilateral traumatized hemisphere to the contralateral non-traumatized hemisphere was calculated.
Statistical comparisons of the NPH4-treated group with the non-treated group were made using Student's paired t test for both MRI and MAP2 analyses, and p<0.05. was regarded as being statistically significant. Figure 1 shows a typical MR image and the corresponding immunohistochemical section stained for MAP2 obtained one week after the transient MCA occlusion. In the MR image, the focal ischemic area (infarct area) was shown as the region of increased signal intensity. In the section stained for MAP2, the neuronal damage was shown by loss of MAP2-staining. Conversely, the intact area was stained for MAP2. The ratio of the infarct area to the ipsilateral hemisphere evaluated by MRI was 63.S± 11.0% (mean±SD) in the non-treated group (n=4) and 36.3± IS .0% in the NPH4-treated group (n=4), which was significantly different (p<O.OS). On the other hand, the ratio of the intact area of the ipsilateral traumatized hemisphere to the contralateral non-trau-matized evaluated by MAr2 was 28 .3 ± 10.1 % in the non-treated group and 38.0± 17.4% in the NPH4-treated group, which was not significantly diffderent.
Results and Discussion
In the present study, it was revealed that NPH4 attenuated the infarct size evaluated by MRI but not the neuronal damage determined by MAr2. T 2-weighted MRI reflects the increased water content in the edematous tissue which consist of damaged neurons and glial cells, while MAr2 immunostaining has been used for the early detection of ischemic neuronal damage (9) . Therefore, it is thought that MRI reflects the decline and viability of both neurons and glias while MAr2-staining reflects those of only neurons. If so, our results indicate that MPH4 has some effects on the glial reaction but not on the neuronal damage in focal cerebral ischemia. However, is this supported by the MRl data?
There have been some reports in which the evaluation of focal cerebral ischemia in rats was performed using MRl followed by histologic analysis and the excellent correlation was shown bwtween the volumes of edematous tissue determined by MRl and of necrotic tissue measured on histologic sections (10, 11) . In these reports, the extent of cerebral damage was assessed by measuring necrotic tissue using standard histological methods such as 2,3,5-triphenyltetrazolium (TTC)-, hematoxylin and eosin (HE)-and cresyl violet (CV)-staining. Since these standard histological methods depict the damaged neurons and glial cells together in the necrotic tissue, it is acceptable that the lesion detected by MRl well correlate with the focal ischemic regions shown by these stainings. However, there have been no reports in which a comparison of MRI to damage and responses of major cell components in the brain after ischemia was performed. Surprisngly, it is just recenly that even MAr2-staining has been used for the evaluation of focal cerebral ischemia (12) . Therefore, it is still unknown whether MRI reflects the glial reaction in focal cerebral ischemia.
In conclusion, NPH4 had neuroprotective effects in focal cerebral ischemia as evaluated by NRl, but it had no effects on neuronal damage as determined by MAr2. The effects of NPH4 on the glial reaction could not be examined. Further study is required to determine the actual effects of NPH4 on focal cerebral ischemia.
